Purpose. To compare the microfracture technique with carbon fibre rod implantation for treatment of knee articular cartilage lesions. Methods. 10 men and 30 women aged 22 to 56 (mean, 37.4) years underwent microfracture (n=20) or carbon fibre rod implantation (n=20) for International Cartilage Repair Society grade 3 to 4 knee articular cartilage lesions after a mean of 12.2 months of viscosupplementation and physiotherapy. Clinical outcome at 6 and 12 months was assessed using the Tegner-Lysholm score and modified Cincinnati score. Magnetic resonance imaging (MRI) outcome at 12 months was assessed by a radiologist. The modified magnetic resonance observation of cartilage repair tissue (MOCART) score was evaluated. Results. The 2 groups were comparable in terms of age, body mass index, lesion location, lesion size, duration of symptoms, and coexisting pathology. The microfracture group had a higher preoperative Tegner-Lysholm score (39.4±7.3 vs. 34.4±4.9, Journal of Orthopaedic Surgery 2016;24(2):188-93 p=0.015) and modified Cincinnati score (36.4±7.2 vs. 30.4±4.0, p=0.002) than the carbon fibre rod group. At 12 months, change in both scores was significant within each group (p<0.001) and was higher in the microfracture than carbon fibre rod group (p<0.001). MRI showed minimal regenerative tissue. Lobulation, oedema, and hypertrophy were more commonly found in the regeneration tissue after carbon fibre rod implantation than microfracture. At 12 months, the MOCART score was higher in the microfracture than carbon fibre rod group (59 vs. 47, p<0.001).
Surgical treatment for small articular cartilage lesions involves a marrow-stimulating technique (such as drilling, abrasion chondroplasty, and microfracture). [3] [4] [5] [6] This induces haemorrhage in the defective area by impairing the subchondral bone. 7 The stem cells from the subchondral area reproduce and form fibrous cartilage within 6 to 8 weeks by differentiation. [8] [9] [10] The microfracture technique is easy and cheap and does not require additional preparation. 11 It does not involve any implants and thus does not prevent further treatment in case of failure. 12 Implantation of carbon fibre rods made of polyacrylonitrile for treatment of International Cartilage Repair Society (ICRS) grade 3 to 4 articular cartilage lesions may result in synovitis. 13, 14 This study compared the microfracture technique with carbon fibre rod implantation for treatment of knee articular cartilage lesions.
Materials and Methods
Between January 2012 and February 2014, 10 men and 30 women aged 22 to 56 (mean, 37.4) years underwent microfracture (n=20) or carbon fibre rod implantation (n=20) at 2 different hospitals for ICRS grade 3 to 4 knee articular cartilage lesions after a mean of 12.2 months of viscosupplementation and physiotherapy. Patients with bipolar lesions, a history of allergy/anaphylaxis, pacemaker, claustrophobia, renal failure, rheumatic disease, sequencing disorder, or pregnancy were excluded.
For microfracture, holes (3-4 mm deep and apart) were drilled on the lesion using an awl from the periphery to the centre under arthroscopic guidance without the use of a tourniquet ( Fig. 1 ). In addition, 13 of the patients also underwent partial menisectomy (n=9), meniscus repair (n=3), or anterior cruciate ligament reconstruction (n=1).
For carbon fibre rod implantation, holes were drilled on the lesion and rods were implanted under arthroscopic guidance. In addition, 15 of the patients also underwent partial menisectomy (n=14) or anterior cruciate ligament reconstruction (n=1).
Postoperatively, rehabilitation was standardised. Weight bearing on the operated side was not allowed for 6 weeks. Active range of movement and quadriceps isometric exercises were allowed.
Clinical outcome at 6 and 12 months was assessed using the Tegner-Lysholm score and modified Cincinnati score. Radiological outcome at 12 months was assessed by a radiologist using magnetic resonance imaging (MRI). The modified magnetic resonance observation of cartilage repair tissue (MOCART) score was evaluated, taking into account cartilage defect size, healing ratio of the defect, border zone integration, regenerative tissue surface integrity, and existence of adhesion. 15 The 2 groups were compared using the Student's t test for normally distributed continuous variables, or the Chi squared test or Fisher's exact test for categorical variables. Change in score over time within and between groups was compared using repeated measure analysis (sphericity assumed test). A p value of <0.05 was considered statistically significant.
results
The 2 groups were comparable in terms of age, body mass index, lesion location, lesion size, duration of symptoms, and coexisting pathology (Table) . The microfracture group had a higher preoperative Tegner-Lysholm score (39.4±7.3 vs. 34.4±4.9, p=0.015) and modified Cincinnati score (36.4±7.2 vs. 30.4±4.0, p=0.002) than the carbon fibre rod group. At 12 months, change in both scores was significant within each group (p<0.001) and was higher in the microfracture than carbon fibre rod group (p<0.001) [Table] .
One patient with carbon fibre rod implantation had pain and non-healing lesions and underwent cellular treatment (Fig. 2) . No other complication was noted.
MRI showed minimal regenerative tissue. Lobulation, oedema, and hypertrophy were more commonly found in the regeneration tissue after carbon fibre rod implantation than microfracture ( Figs. 3 and 4) . At 12 months, the MOCART score was higher in the microfracture than carbon fibre rod group (59 vs. 47, p<0.001). 
discussion
Microfracture stimulates the natural healing potential of the body and is the first and most widely used treatment option. 6, 16, 17 It is more effective in smaller lesions in patients aged <45 years. 18, 19 Its long-term outcome has been reported to be worse. 20 Clinical outcome after carbon fibre rod implantation is poor, 21 with complications associated with carbon fibre debris, hystiocytic giant cell reaction, and progressive arthrofibrosis. 13, 21, 22 Carbon fibre rod implantation is not appropriate for use in younger patients, 23 although it has been used in patients with early-stage osteoarthritis. 13 Nonetheless, both options are easy to use and do not require a second-stage surgery.
Three-dimensional MRI is a useful tool to detect tissue damage at a very early stage and postoperative morphological and histochemical changes in the cartilage. The microfracture technique is superior to carbon fibre rod implantation in terms of clinical and radiological outcome.
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Figure 4
In a patient with carbon fibre rod implantation: magnetic resonance imaging at 12 months showing (a to d, g, h) more oedema and inflammatory changes than after microfracture, (e, f) minimal hypertrophy and cleft in the regenerative cartilage and incomplete surface integrity, and (i to l) incomplete cartilage maturation. The surgical sites are indicated by arrows. 
